Tetrahydrocurcumin-loaded vaginal nanomicrobicide for prophylaxis of HIV/AIDS: in silico study, formulation development, and in vitro evaluation.
A vaginal microbicide is a front-line women-dependent approach and an alternative to a condom for prevention of unprotected sexual intercourse-associated HIV. The microbicide research is still in its infancy with several products in the clinical studies being reported to have good efficacy, safe, but with poor adherence. One such molecule reported with an excellent efficacy when tested preclinically is curcumin, a natural polyphenol derived from Curcuma longa. Despite its potential HIV-1 inhibitory activity, it has intense yellow color staining properties, which would result in poor consumer compliance and adherence for vaginal application. To address this issue, tetrahydrocurcumin (THC), a colorless derivative of curcumin, was subjected to in silico screening (molecular docking and dynamics simulation studies) using homology model of gp120-CD4 binding. It was found that THC exhibited equivalent gp120-CD4 binding inhibitory activity as compared with curcumin due to its stable hydrophobic interactions with residues Asp368 and Trp427 deeper in the Phe43 cavity of CD4 receptor. Hence, it can be effectively used as a potential microbicide candidate. THC, a BCS Class II molecule exhibits poor solubility, spreadability, and intracellular uptake when used in the conventional form. Thus, it was decided to develop a lipid-based nanomicrobicide gel for delivery of THC. The developed THC-loaded o/w microemulsion gel was characterized for physicochemical properties (globule size, drug content, drug release, and permeation) and further used for in vitro cell line studies (cell viability, cellular uptake, and anti-HIV activity). The developed formulation was found to be stable with coitus-independent release profile and exhibited a rapid time-independent intracellular uptake. In addition, it exhibited a fourfold increase in efficacy as compared with conventional THC. Thus, the novel THC-loaded o/w microemulsion gel exhibited the potential for prevention of HIV-1 infection associated with unprotected sexual intercourse.